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Description 

This invention relates to surgical staplers for 
implanting mechanical surgical fasteners in the tis- 
sue of a patient, and, in particular, to surgical 
staplers which are powered by pressure regulated 
gas. 

Surgical staplers which implant surgical fasten- 
ers using the force of pressurized gas are known in 
the art, and are described in United States patents 
numbers 3,837,555; 3,836,116; 3,815,476; 
3,717,294; 3,662,939; 3,643,851; 3,618,842; 
3,613,507; 4,407,432; 4,439,028; and 4,331,277, 
among others. In the instruments shown in these 
patents, a cylinder of pressurized gas is contained 
in the handle of the instrument. Gas from the 
cylinder is conducted to a power unit at the rear of 
the handle, where the pressurized gas is applied to 
the proximal end of a mechanical linkage arrange- 
ment. The mechanical linkage is connected to a 
staple cartridge at the distal end of the instrument. 
When the trigger on the handle is depressed, pres- 
surized gas actuates the mechanical linkage to 
implant a staple from the distally located cartridge. 

All of the instruments shown in the above pat- 
ents deliver a single staple upon each actuation of 
the instrument. It would be desirable for a pneu- 
matic stapler to implant several staples at each 
actuation of the instrument, such as is performed 
by the linear stapler shown in U.S. Patent 
4,527,724. The instrument of this invention is ca- 
pable of implanting one or more rows of staples 
upon each actuation of the instrument. 

In the pressurized gas staplers described in the 
above patents, the pressure of the gas contained in 
the cylinder is chosen to provide the operating 
force required by the mechanical linkage arrange- 
ment. Generally, the gas pressure is on the order 
of 690 kPa (100 p.s.i.) A valving system conducts 
the pressurized gas from the cylinder to the linkage 
upon demand whereby the linkage arrangement is 
actuated by the 690 kPa (100 p.s.i.) gas pressure. 
A disadvantage of such a system is that as the 
pressurized gas in the cylinder becomes depleted, 
the force applied to the mechanical linkage system 
declines, until a point is reached at which the force 
of the applied gas is insufficient to actuate the 
stapling mechanism. 

A solution to this dilemma is to employ cyl- 
inders which are highly pressurized with CO2 gas. 
Such cylinders are commercially available and are 
generally pressurized to a pressure of about 5.52 
MPa (800 p.s.i) At this pressure the CO2 is in a 
liquified state and as it is released from the cyl- 
inder under atmospheric pressure it boils to the 
gaseous state. These cylinders will advantageously 
provide pressurized gas well in excess of 100 p.s.i. 
for as long as CO2 remains in the cylinder in the 



liquified state. 

However, the high pressure of these cylinders 
is well in excess of that which is desirably em- 
ployed in a surgical stapling instrument. Accord- 
5 ingly, if such cylinders are to be employed in a 
surgical stapler, means must be provided to con- 
trollably reduce the high pressures of the CO2 gas 
to a lower, more acceptable level. 

In accordance with the principles of the present 
70 invention, a surgical stapling instrument is provided 
as defined in claim 1. Preferred features are de- 
fined in claims 2-14. 
In the drawings: 

FIGURE 1 is a perspective view of a surgical 
75 stapler constructed in accordance with the prin- 
ciples of the present invention; 
FIGURE 2 is a cross-sectional view of the han- 
dle portion of a gas powered surgical stapler 
constructed in accordance with the principles of 
20 the present invention; 

FIGURE 3 is a partial plan and cross-sectional 
view of one of the safety mechanisms asso- 
ciated with the distribution mechanism; 
FIGURES 4a-4c show portions of the mecha- 
25 nisms of FIGURE 3 during specific phases of 
the operating sequence of the gas powered sur- 
gical stapler; 

FIGURE 5 illustrates a second embodiment of a 
surgical stapler constructed in accordance with 
30 the principles of the present invention; 

FIGURE 6 illustrates the stapler of FIGURE 5 
following actuation; 

FIGURES 7 and 8 illustrate the variable pressure 
regulator of the stapler of FIGURE 5 at two 
35 different phases of operation; and 

FIGURE 9 illustrates the check valve of the 
stapler of FIGURE 5. 

Referring first to FIGURE 1, a pneumatically 
actuated surgical stapler of the present invention is 

40 shown. The stapler includes three major compo- 
nents: a handle portion 10, a shaft portion 108, and 
a stapler head 110. The three components are 
joined at their interconnecting points by pneumatic 
quick-disconnect fittings which allow the compo- 

45 nents to be disconnected and interchanged with 
shafts and stapler heads of other configurations. 
Also located at the joints 20 and 22 are pneumatic 
rotatable unions which allow free rotation of the 
major components of the stapler with respect to 

50 each other, as indicated by the arrows 24 and 26. 
Specifically, the shaft 108 is free to rotate com- 
pletely about its axis at the joint 20 as indicated by 
arrow 24. The stapler head 110 is free to rotate 
greater than 200 • about an axis which is normal to 

55 the axis of the shaft 108, as indicated by arrow 26. 

A cylinder of pressurized gas is inserted into 
the lower portion 12 of the handle 10 by removing 
the cap 16 and inserting the cylinder into the 
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handle. Once the cylinder has been inserted and 
the cap 16 tightened, gas from the cylinder is 
released and flows to a pressure regulator in the 
handle. The release of gas from the cylinder arms 
the stapler and causes a button 25 to extend a 
short distance out the rear of the handle, indicating 
to the user that the stapler is pressurized. 

The first step in a stapling procedure is to 
clamp the tissue to be stapled between the jaws of 
the stapler head 110. The tissue is located between 
the jaws, and a slide 74 which extends from the 
rear of the stapler is depressed. When the slide is 
pressed forward, pressurized gas is allowed to flow 
to the stapler head through a first gas line to clamp 
the tissue between the jaws of the stapler head. As 
soon as the slide 74 is released, it slides back to 
its illustrated extended position by spring force. 
The position of the rearward portion of the stapler 
head after clamping is shown in phantom at 100' in 
FIGURE 1. 

Staples in a cartridge 112 may then be driven 
through the clamped tissue by depressing the trig- 
ger 84 of the handle. Before the trigger can be 
depressed, however, a trigger safety 78 must be 
moved upward in its slot 80 from the position 
shown in FIGURE 1 and rotated into a forward 
extension 82 of the slot 80. This safety mechanism 
prevents inadvertent placement of the staples be- 
fore the user is ready to do so. After the trigger 
safety 78 has been moved up and rotated forward 
the trigger may be depressed to implant the sta- 
ples in the tissue, either by clinching the legs of 
the staples against an anvil 114 in the stapler head 
110 or by interlocking the legs of the staples with 
connecting staple receivers located in the position 
of the anvil. As the trigger 84 is depressed, the 
trigger safety is rotated back to its more vertical 
position and slides downward in slot 80 by spring 
force. 

The shaft 108 and stapler head 110 shown in 
FIGURE 1 are more fully described in concurrently 
filed European patent application EP-A-324636. 

A pneumatic pressure regulation and distribu- 
tion system suitable for the development of pres- 
sure-regulated gas for operation of the stapler head 
of FIGURE 1 is shown in FIGURES 2 and 3, and in 
various stages of operation in FIGURES 4a-4c. 
With reference to these FIGURES and in particular 
FIGURE 2, the handle portion 10 of a gas powered 
stapler of the present invention is shown. The han- 
dle portion 10 is a subassembly which contains a 
pressurization indicator 20, a pressure regulator 30, 
a pressure distribution spool 50, and firing sequen- 
cing mechanism 70. The lower pistol grip section 
12 of the handle 10 contains a compartment for a 
pressurized CO2 gas cylinder 14. The cylinder is 
inserted into the pistol grip section from the bot- 
tom, and a threaded cap 16 is tightened to secure 



the cylinder in its compartment. As the cap is 
tightened, a spike 32 of the pressure regulator, 
shown in detail in FIGURE 4a, pierces the top of 
the cylinder to release pressurized gas into the 

5 stapler. The pressurized gas is released at the 
cylinder pressure of approximately 5.52 MPa (800 
p.s.i) and initially the gas pressurizes a chamber 34 
where the spike is located. This gas pressure 
passes through a passageway 22 to pressurization 

70 indicator 20. The pressurization indicator 20 in- 
cludes a cylinder 24 located in a chamber at the 
rear of the handle and sealed in the chamber by an 
O-ring 26. Prior to pressurization the end 25 of the 
cylinder is flush with the outer surface of the han- 

75 die, and is retained in this position by the force of a 
spring 28. The pressurized gas overcomes the 
spring force and extends the end 25 of the cylinder 
a short distance outside the handle. The circum- 
ference of the cylinder is preferably distinctly col- 

20 ored, and this colored region becomes visible when 
the cylinder extends outward due to the pressure 
of the gas. This indicates to the user that the 
stapler is pressurized and is now operable. The 
spring force is chosen to overcome inadequate gas 

25 pressurization as the cylinder empties. For in- 
stance, when the gas pressure falls below about 
2.42 MPa (350 p.s.i.), the spring force will over- 
come the gas pressure and the end 25 of the 
pressurization indicator will recede back into the 

30 handle, thereby providing the user with an indica- 
tion that the gas cylinder must be replaced. 

Pressurized gas also passes through a pas- 
sageway 36 to pressure regulator 30. The pressure 
regulator includes a ball 38, a central cylinder 40 

35 with O-ring seals 42, 43 and 44, and a spring 46. A 
central passageway 48 extends through the cyl- 
inder 40 and connects a lower chamber 47 contain- 
ing ball 38 with an upper chamber 49 above the 
cylinder 40. When the ball 38 is located as shown 

40 in FIGURE 4a at the bottom of the lower chamber 
47 it is positioned on a valve seat 39 so as to seal 
the opening of passageway 36 into the lower 
chamber 47. 

When the pressurized gas from the cylinder 14 

45 begins flowing through passageway 36 the gas 
pressure forces the ball 38 up from its valve seat 
39 and the gas starts to fill the lower chamber 47. 
The gas also begins to pass through the central 
passageway 48 and starts to pressurize the upper 

50 chamber 49. The pressures in the two chambers 
will quickly equalize, and since the surface area of 
the top of the cylinder 40 and the interior of pas- 
sageway 48 is much greater than the surface area 
at the bottom of the cylinder and above the ball, 

55 the cylinder will be driven downward. The down- 
ward motion is opposed by the force of the spring 
46. However, the spring force at this time is not 
sufficient to halt the downward motion of the cyl- 
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inder 40, and the cylinder will soon contact the ball 
38 and press it against its valve seat 39, thereby 
sealing the passageway 36 and preventing further 
flow of gas into the lower chamber 47. 

As the cylinder 40 moves downward the vol- 
ume of the upper chamber 49 is increased, and the 
pressurized gas in the two chambers expands to fill 
this volume. The downward movement of the cyl- 
inder 40 will move the top of the cylinder and its 0- 
ring 43 to a position below the intersection of a 
passageway 52 with the upper chamber 49. The 
passageway 52 conducts the gas to pressure dis- 
tribution spool 50, at which time the gas expands 
further to fill passageway 52 and volume 54 around 
the spool. The effect of this expansion of the gas is 
to drop its pressurization in the expansion regions 
to an operating pressure of about 1.73 MPa (250 
p.s.i.) An equilibrium condition is reached with this 
pressure level existing in the upper and lower 
chambers 49 and 47, passageways 48 and 52 and 
the spool volume 54. At equilibrium the passage- 
way 36 leading to the regulator will remain sealed 
by the ball 38, since the combination of the upward 
forces of 5.52 MPa (800 p.s.i.) acting on the ball 
38, the 1.73 MPa (250 p.s.i.) pressure acting on the 
bottom of the cylinder 40, and the upward force of 
the spring 46 is still insufficient to overcome the 
downward force of 1.73 MPa (250 p.s.i.) acting on 
the large surface area of the top of the cylinder 40 
and on the interior surfaces of the central passage- 
way 48. 

When the 1.73 MPa (250 p.s.i.) pressure in the 
volume 54 around the spool 50 is released during 
operation of the stapler, the 1.73 MPa (250 p.s.i.) 
pressure acting on the top of the cylinder 40 is 
removed, and the forces of the spring 46 and the 
pressure on the ball 38 urge the cylinder upward. A 
plug 41 which seals the top of the regulator cham- 
ber limits the extent of upward travel of the cylinder 
40 as shown in FIGURE 4a. Pressurized gas once 
again begins to flow into the lower chamber 47 and 
the pressure regulation cycle repeats. 

The pressure distribution spool 50 provides a 
means for applying pressurized gas at the regu- 
lated pressure to operative parts of the stapler 
during a stapling procedure. Pressurized gas is 
needed during two phases of operation. One is the 
clamping cycle, when tissue being stapled is 
clamped between the jaws or other opposing parts 
of the stapler head. The other is the stapling cycle, 
when staples are driven through the tissue. 

The spool 50 is capable of movement within a 
spool chamber 56. Located around the spool 50 
and above and below the volume 54 are O-rings 58 
and 60 as shown in FIGURES 4a-4c. Extending 
upward from the main body of the spool is a stem 
62 with a locking tab 64 located near the top of the 
stem. A slide latch 66 is located at the end of the 



stem 62. Extending downward from the spool body 
is a cam extension 68. A spring 69 is located in the 
spool chamber 56 above the main body of the 
spool, and is compressed as the spool moves 

5 upward in the chamber 56. 

Interacting with the spool 50 and governing its 
sequence of operation are two firing sequencing 
mechanisms 70. Interacting with the stem 62 is a 
slide 72 which extends outward from the rear of the 

w handle. The slide is spring-loaded so that when it is 
not latched or being pressed at its outward end 74, 
it will be urged outward as shown in FIGURE 1. 
Interacting with the cam extension 68 of the spool 
is a pivoting trigger safety 76. The trigger safety 

75 can be manually moved in a safety guide slot 80 
and the trigger safety 76 can be pivoted from 
alignment with the slot 80 to an extension 82 of the 
slot 80 when the stapler is to be fired to implant 
staples. A spring-loaded trigger 84 has a rearward 

20 projection 86 which opposes the cam extension 
and trigger safety mechanisms. 

When the spool is located as shown in FIGURE 
2, a gas pressure of 1.73 MPa (250 p.s.i.) is con- 
fined to the volume 54 around the spool. When the 

25 spool is raised so that the volume 54 opposes 
passageway 90 as shown in FIGURES 4a and 4b, 
pressurized gas flows from the volume 54 to the 
stapler head to clamp tissue in the head, since 
passageway 90 leads to the parallel union 120 and 

30 tubing segment 34. When the spool is raised fur- 
ther so that the volume 54 opposes passageways 
90 and 92 as shown in FIGURE 4c, the clamped 
tissue is stapled by reason of pressurized gas flow 
from the volume 54 through passageway 92 and to 

35 the stapling mechanism by way of the union 120 
and tubing segment 32. 

Initially, the spool cannot be moved in its 
chamber 56. This is because the central slot of the 
slide 72 through which the stem 62 of the spool 

40 extends is narrowed at the end as shown at 73 in 
FIGURES 2 and 3. When the stem 62 is positioned 
at the narrowed end of the slide 72, the outward 
extending locking tabs 64 of the stem abut against 
the bottom of the slide end, preventing any upward 

45 movement of the spool. The spool cannot move 
upward until the outer end 74 of the slide 72 is 
depressed, causing the narrowed end 73 to clear 
the tabs 64 so that the tabs are positioned in 
opposition to the wider central slot of the slide. 

so This safety feature remains operative until the 

user depresses the end 74 of the slide. As the 
slide 72 is depressed into the handle, the slide 
latch 66 at the top of the stem 62 rides upward 
along the angled upper surface 71 of the slide 72. 

55 This motion pulls the spool 50 upward so that the 
volume 54 opposes passageway 90. At the end of 
the depression of the slide the latch 66 snaps into 
a clamp notch 75 at the end of the angled surface 
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71, and the gas flowing to the stapler head through 
passageway 90 has clamped tissue in the stapler 
head for stapling. The spool 50 and slide 72 are 
then located as shown in FIGURE 4a. 

With the tissue clamped in the stapler head 
and the spool located as shown in FIGURE 4a, the 
staples cannot as yet be implanted into the tissue 
by reason of the trigger safety mechanism. This is 
because the projection 86 of the trigger 84 is 
opposing the side of the cam extension 68. In 
order to fire the staples in the stapler head, the 
trigger safety 76 must be manually pushed upward 
in safety guide slot 80. This motion lifts the spool 
50 slightly so that the extension cam 68 is in the 
firing position, shown in FIGURE 4b. The trigger 
safety and spool will not remain in this position, 
however, because the trigger safety and spool will 
spring back downward if the trigger safety is re- 
leased without being locked. Release of the trigger 
safety without locking allows the slide 72 to spring 
outward when the slide latch 66 is lifted above the 
clamp notch 75. The spool will then spring down- 
ward under the force of spring 69, and will push 
the trigger safety down as the cam extension 68 
pushes against the trigger safety 76. This will re- 
lease the clamped tissue in the stapler head as the 
pressurized gas in the clamping mechanism is 
released through passageway 90 into the spool 
chamber 56. The clamping and stapling process 
may then be begun anew. 

However, if the user is satisfied with the clamp- 
ing of the tissue in the stapler head, the staples 
may be implanted by sliding the trigger safety 76 
upward and pivoting the safety into the slot exten- 
sion 82, as shown in FIGURE 4b. When this is 
done, the slide 72 is released from the slide latch 
66, allowing the slide to spring outward, and the 
projection 86 of the trigger 84 opposes the junction 
of the trigger safety 76 and the cam extension 68. 
The volume 54 around the spool continues to pres- 
surize the clamping mechanism, holding the tissue 
securely clamped in the stapler head. 

When the trigger 84 is now depressed, the 
upper surface of the trigger projection 86 will con- 
tact the cammed bottom of the cam extension 68, 
causing the spool to move upward, as shown in 
FIGURE 4c. As soon as this movement causes the 
volume 54 to oppose passageway 92, pressurized 
gas flows through this passageway to the staple 
implanting mechanism in the stapler head. Staples 
are thereby implanted in the clamped tissue. 

As the trigger 84 is depressed, the surface 88 
of the trigger below the projection 86 contacts the 
trigger safety 76 and pivots the safety out of the 
slot extension 82 and back to alignment with the 
guide slot 80 as shown in FIGURE 4c. The trigger 
84 is spring-loaded so that when it is released it 
moves back to its undepressed position. This en- 



ables the spool 50 to move back down under the 
force of its spring 69. As it does so, the cam 
extension 68 returns the trigger safety 76 to its 
initial downward position. As the spool moves 

5 down, passageway 92 and then passageway 90 are 
vented into the spool chamber 56 above the spool. 
Since this space is vented to atmospheric pres- 
sure, the gas pressure in the two passageways is 
thereby released. This venting of gas pressure 

w releases the stapling and clamping mechanisms 
from the tissue. When the spool has reached the 
bottom of the chamber 56 the locking tabs 64 of 
the stem are again positioned beneath the nar- 
rowed end of the slide 72 to lock the spool in its 

75 original position, shown in FIGURE 2. Volume 54 is 
repressurized with gas from the regulator 30, and 
the stapler is ready for the next stapling procedure. 

Referring to FIGURES 5 and 6, a second em- 
bodiment of a surgical stapler constructed in accor- 

20 dance with the principles of the present invention is 
shown. In this embodiment the gas cylinder 14 is 
inserted into the handle 120 of the stapler. An O- 
ring 122 provides a seal around the neck of the 
cylinder 14 and a coil spring 124 is located just 

25 below the neck of the cylinder. The coil spring 124 
urges the cylinder away from the piercing blade 
132 prior to tightening of the cap 16. The spring 
124 thus prevents puncture of the cylinder by the 
blade 132 during shipping and handling of the 

30 stapler. The cap 16 is not tightened until it is 
desired to use the stapler, at which time the tight- 
ening of the cap punctures the cylinder, releasing 
high pressure gas into the pressure regulator 130. 
Referring concurrently to FIGURE 7, the regu- 

35 lator includes an outer cylindrical housing 134 and 
a movable plunger 136. A spring 138 is located 
between the plunger 136 and a piston 140. An CD- 
ring 142 provides a seal around the piston 140. A 
pin 144 is located to extend from a lower passage- 

40 way 146 of the regulator housing with the head 148 
of the pin seated at the top of the passageway. A 
light spring 150 (e.g., with a force of 4.45 N (one 
pound) or less) is located in the passageway 146 
between the blade 1 32 and the head of the pin to 

45 hold the pin up in the passageway. The upper end 
of the pin 144 is bevelled to a narrow diameter tip 
with the bevel of the pin being positioned on a seat 
152 formed in a passageway 154 extending 
through the piston. 

50 The regulator housing has two outwardly ex- 
tending flanges 156 and 158 which fit into mating 
openings in the surrounding internal walls of the 
handle 120. The interior of the regulator housing is 
divided into four spaces, generally demarcated by 

55 the flange positions. The lower space 145 below 
the position of flange 156 engages and surrounds 
the pierced end of the gas cylinder 14. The pierc- 
ing blade 132 is force fit into the top of this space 
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145. The space above the lower flange 156 con- 
tains high pressure gas and comprises the pas- 
sageway 146, occupied by the spring 150 and the 
head 148 of the pin 144. Above the seated head of 
the pin is a larger diameter space 147 which en- 
gages the lower portion of the regulator piston. Gas 
at the desired regulated pressure is contained with- 
in this space 147. Above the upper flange 158 is a 
cylindrical space 149 containing the upper portion 
of the piston, the spring 138, and the plunger 136. 
This space 149 is at ambient pressure, and is 
vented through a passageway 164 of the plunger 
136. 

Located between the upper prongs 137 of the 
plunger 136 is a roller 166 which is mounted on a 
shaft 168. The cylinder rolls against the surface of 
an opposing cam 170, which rotates on a pivot 
shaft 174. The surface of the cam which engages 
the roller 166 contains shallow depressions to pro- 
vide detents for the roller. A double J-hook 176 is 
pivotally mounted to the cam 170 by a pivot pin 
178. The right J-hook is visible in FIGURE 5, with 
the left J-hook mounted in parallel and behind the 
right J-hook in this view. The forward-most end 179 
of the J-hook is connected to the handle by a 
heavy spring 180. 

The cam 170 is pivotally connected to an H- 
link 182 by a pivot pin 184. The H-link is also 
pivotally connected to an extension of a slide but- 
ton 188 by a second pivot pin 186. A trigger safety 
slide 190 is slideably mounted behind the slide 
button and contains an opening 191 which is en- 
gaged by a pointed extension 189 of the slide 
button 188. The angled, forward-most end of the 
trigger safety slide opposes the top of a leaf spring 
192. The lower end 196 of the leaf spring is affixed 
to the handle 120, and an opening 194 at the top of 
the leaf spring engages the rear extension 202 of a 
trigger 200. 

The trigger 200 is slideably mounted and ex- 
tends from the front of the hand-grip of the handle. 
The trigger is spring-loaded by a spring 204 to 
return to its outward position after firing and unloc- 
king, as explained below. The trigger includes a 
rearward extension 202 which is notched at the 
end. The rearward extension of the trigger passes 
between the two upward extending sides of the 
plunger and the notched end of the extension en- 
gages the opening 194 of the leaf spring 192. 
Extending rearward from the finger grip of the 
trigger 200 is a shaft 206, which forms a part of a 
pneumatic valve 210. The shaft 206 is surrounded 
by two O-rings 212 and 214 and slides within a 
housing 208 of the pneumatic valve 210. The end 
of the shaft 206 engages the trigger return spring 
204 as the shaft slides within the pneumatic valve 
housing 208. The housing 208 is open to atmo- 
spheric pressure at the rearward end to vent gas 



from the stapling mechanism. Two fittings 216 and 
218 are connected to ports 215 and 217 for the 
passage of gas through the pneumatic valve. A 
trigger locking button 220 is located above and 
5 partially forward of the trigger. The locking button 
is slideably mounted in an opening 222 of the 
handle and is urged downward by a leaf spring 
224. 

Also located in the handle 120 is a check valve 

70 230. Referring concurrently to FIGURE 9, the 
check valve 230 has two fittings 232 and 234, the 
former connected to the outlet fitting 162 of the 
pressure regulator by tubing 249 and the latter 
being connected to the clamping mechanism in the 

75 stapler head by tubing (not shown). The fittings 232 
and 234 are connected to ports 233 and 235 which 
lead to an interior chamber 236 of the check valve. 
Located within the chamber 236 is a cylinder 240 
with a central passageway 243 that is narrowed in 

20 diameter to provide a valve seat for a ball 238. A 
spring 244 urges the ball upward in the cylinder 
passageway. An outer spring 242 surrounds the 
cylinder and presses downward against a flange at 
the base of the cylinder. At the bottom of the 

25 chamber 236 is a port 246 leading to a fitting 248. 
The fitting 248 is connected by tubing (not shown) 
to the inlet fitting 218 of the pneumatic valve 210 of 
the trigger 200. 

In operation the gas cylinder 14 is located 

30 inside the handle and the cap 16 is tightened to 
force the cylinder upward, piercing the top of the 
cylinder and releasing high pressure gas into the 
pressure regulator. The presence of the pressur- 
ized gas may be indicated by an indicator such as 

35 indicator 20, shown in FIGURE 3. At this time the 
gas pressure at the regulator outlet fitting 162 
remains at atmospheric pressure. 

The tissue to be stapled is now located be- 
tween the operating members of the stapling 

40 mechanism for clamping. To clamp the tissue, the 
user slides the slide button 188 upward along the 
rear of the stapler handle, as indicated by arrow 
250. The upward motion of the slide button lifts the 
connected H-link 182, thereby pivoting the cam 

45 170 as indicated by arrow 252. As the cam rotates 
it presses the plunger 136 of the regulator 130 
downward, increasing the force of the spring 138 
against the piston 140 and driving the piston down- 
ward. As the piston moves down, it seats the top of 

50 the pin 144 on the seat 152 and presses the pin 
down, thereby unseating of the head 148 of the pin 
and releasing high pressure gas into the central 
space 147. The pressurization of this space 
presses upward against the piston to reseat the 

55 head of the pin and the pressure equalizes 
throughout the space 147. As the cam continues to 
rotate the pressurization of space 147 continues as 
the regulated pressure in the space builds. This 
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regulated pressurized gas passes through the port 
160 and outlet fitting 162, and through the tubing 
249 to the inlet fitting 232 of the check valve 230. 
The gas then passes through the interior chamber 
236 of the check valve and out the fitting 234 to the 
clamping mechanism in the stapler head. Thus, the 
clamping force is gradually increased as the slide 
button moves upward. 

It may be appreciated that the sliding of the 
slide button 188 is opposed by the pressures and 
forces existing and developed in the regulator 
which tend to oppose the rotation of the cam and 
the downward motion of the plunger. The purpose 
of the J-hook 176 and its heavy spring 180 is to 
provide an assist toward neutralizing these oppos- 
ing forces. It may be seen that initially the pivot pin 
178 of the J-hook is below a line drawn between 
the cam shaft 174 and the handle anchor point of 
the spring 180. The initial motion of the slide button 
will rotate the location of the pivot pin above this 
line, however, whereafter the moment arm exerted 
by the spring and J-hook at the pivot pin 178 will 
provide a torque in the direction of the arrow 252. 
Thus, shortly after the slide button begins its up- 
ward travel the torque supplied by the J-hook will 
steadily increase at the same time as the expan- 
sive forces in the regulator are increasingly oppos- 
ing this travel. 

The gas that pressurizes the interior chamber 
of the check valve also enters the cylinder 240 in 
the check valve through the central passageway 
243 of the check valve. The gas flow around the 
check valve ball 238 and out through the port 246 
and the outlet fitting 248 to the inlet fitting 218 of 
the pneumatic trigger valve 210. Thus, pressurized 
gas is now present in the trigger valve 210 for the 
subsequent stapling operation. 

If the operator finds that the clamping proce- 
dure is not to his liking, the tissue may be readily 
undamped by sliding the slide button 188 down 
again. This action reverses the rotation of the cam 
170, allowing the plunger 136 and the piston 140 to 
move upward under the pressure of the gas in the 
space 147. Pressurized gas bleeds out through the 
passageway 154 of the piston as the bevelled tip of 
the pin 144 periodically unseats from the seat 152. 
Eventually the head of the pin will seat to prevent 
the entry of high pressure gas into the space 147 
and the upper tip of the pin will unseat at 152, 
thereby venting the remaining pressurized gas in 
space 147 through the passageway 154 of the 
piston and the plunger passageway. Thus, the 
clamping force is removed from the clamping 
mechanism by this venting of gas through the 
regulator 130. 

Once the user has clamped the tissue to be 
stapled to his liking, the trigger must be depressed 
to staple the tissue. However, an interlock mecha- 



nism must be activated before the trigger can be 
depressed. It may be seen in FIGURE 5 that the 
trigger cannot be depressed due to the engage- 
ment of the notched end of the trigger extension 
5 202 with the leaf spring 192. In addition, stapling 
must not take place until the pneumatic trigger 
valve is fully pressurized to the proper stapling 
pressure. 

The regulator components including the spring 

w 138 and the cam are arranged so that a proper 
stapling pressure of 1.73-2.07 MPa (250-300 p.s.i.) 
is not attained until the slide button 188 has been 
moved fully to the top of the rear of the handle. 
Only when the slide button is so positioned will the 

75 slide button clear an underlying aperture in the 
handle through which the trigger safety slide 190 
may be accessed. The accessible safety slide 190 
is depressed, and its leading angled edge presses 
against the upper end of the leaf spring 192, there- 

20 by pressing the leaf spring downward. The down- 
ward movement of the leaf spring releases the 
lower edge of the leaf spring 192 from the notch in 
the trigger extension 202, and the trigger extension 
may now move rearward through the opening 194 

25 when the trigger is depressed. 

Before the trigger is depressed, pressurized 
gas at the stapling pressure of 1.73-2.07 MPa (250- 
300 p.s.i.) is located in the space around the shaft 
206 of the trigger valve, between the O-rings 212 

30 and 214. When the trigger is depressed the shaft 
206 moves rearward so that this space overlies the 
inlet port 217 and the outlet port 215, thereby 
allowing gas to flow between the two ports. This 
pressurized gas at the desired stapling pressure 

35 passes out through the fitting 216 to the stapling 
mechanism in the stapler head, thereby implanting 
the staples in the clamped tissue. 

When the trigger 200 is depressed the trigger 
clears the trigger locking button 220 which is lo- 

40 cated above the leading upper edge of the trigger. 
As the trigger clears the locking button the button 
snaps downward from the opening 222 under the 
force of the leaf spring 224, thereby locking the 
trigger in its actuated position. The appearance of 

45 the locking button, which is preferably distinctly 
colored, also visually informs the user that the 
stapler has been fired and cannot be used again 
until it has been properly reset and reloaded with 
staples. Pressurized gas at the stapling pressure is 

so at this time maintained in both the clamping and 
stapling mechanisms in the stapler head. At this 
point, the components in the handle are oriented as 
shown in FIGURE 6. 

After the stapling procedure is complete it is 

55 necessary to release the stapling head from the 
clamped tissue. To do so, the handle mechanisms 
must be reset. These mechanisms interact so as to 
insure that the instrument is fully reset and cannot 
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be used again until the instrument has been fully 
readied for another stapling procedure. 

The first step in releasing the clamped tissue is 
to slide the slide button 188 down to its initial 
position. This vents the gas in the clamping 
mechanism back through the interior chamber 236 
of the check valve, through the tubing 249, and 
through the passageways 154 and 164 in the regu- 
lator cylinder and plunger. This venting of gas 
pressure releases the stapler from the stapled tis- 
sue. As the slide button 188 returns to its initial 
position, the pointed extension 189 of the slide 
button engages the opening 191 of the trigger 
safety slide, thereby moving the safety slide rear- 
ward to its initial position. The leaf spring 194 
springs upward so that reextension of the trigger 
will again cause the leaf spring to block inadvertent 
actuation of the trigger. 

At this point a user may set the stapling instru- 
ment aside, forgetting to reset the trigger mecha- 
nism. To guard against this possibility, the check 
valve 230 acts to maintain a low pressure at the 
stapling mechanism, on the order of 345 kPa (50 
p.s.i.), after the clamping pressure has been re- 
leased and before the trigger is reset. This low 
pressure will act to keep the staple driver in the 
stapling mechanism extended into the spent staple 
cartridge. With the staple driver so extended, it is 
not possible to remove the spent staple cartridge 
from the stapler head. 

To reset the trigger, the trigger locking button 
220 must be pressed upward into the opening 222 
in the handle. This will allow the trigger 200 to 
spring forward under the force of the spring 204. 
The shaft 206 of the pneumatic valve will then 
return to its initial position, and gas pressure in the 
stapling mechanism will be vented through the 
fitting 216, port 215, and the rear of the valve 
housing 208 behind the shaft 206. The release of 
gas pressure allows the staple driver to retract from 
the staple cartridge so that the cartridge may be 
removed from the stapler head. The rearward ex- 
tension 202 of the reset trigger will be locked by 
the leaf spring 192 and the trigger locking button 
will be supported in its retracted position in the 
opening 222 above the trigger. The stapling instru- 
ment is thus fully reset and ready to be reloaded 
with a new staple cartridge in preparation for the 
next stapling procedure. 

The operation of the variable pressure regulator 
may be more fully understood with reference to the 
enlarged views of the regulator 130 of FIGURES 7 
and 8. In FIGURE 7 the regulator is shown prior to 
the application of pressurized gas to the regulated 
gas space 147. At this time high pressure gas from 
the gas cylinder 14 is released by the piercing 
blade 132 and fills the lower space 145 and the 
lower passageway 146 below the pin 144. This gas 



pressure keeps the head 148 of the pin seated 
against the upper, narrower diameter portion of 
passageway 146 above the head of the pin. With 
the slide button now at its lowermost position, the 

5 plunger 136 is located by the cam at its uppermost 
position in the upper space 149. The minimal pres- 
sure exerted on the piston 140 by the spring 138 at 
this time is insufficient to fully seat the bevelled tip 
of the pin against the piston seat 152, as exag- 

w gerated in the view of FIGURE 7. Thus, at this time 
there is a pathway for atmospheric pressure from 
the outlet fitting 162 through the port 160, through 
the space 147, through the passageway 154 in the 
center of the piston and around the tip of the pin, 

75 through the upper space 149 and out through the 
passageway 164 through the center of the plunger 
136. 

FIGURE 8 shows the variable regulator 130 as 
it is developing regulated gas pressure in the cen- 

20 tral space 147. As compared to FIGURE 7, the 
plunger 136 is now pressed downward by the cam, 
compressing the spring 138 against the piston 140. 
This downward motion of the piston seats the be- 
velled tip of the pin 144 on the seat 152 in the 

25 piston, unseating the head of the pin and allowing 
high pressure gas to flow into the central space 
147. As the gas pressure equalizes and urges the 
piston upward against the force of spring 138 the 
head of the pin reseats and prevents any further 

30 high pressure gas from entering the space 147. 
Continual downward movement of the plunger will 
cause increments of high pressure gas to enter 
space 147 with the position of the piston remaining 
essentially unchanged as the regulated gas pres- 

35 sure equalizes the force of the spring 138. In this 
way regulated pressurized gas is developed in the 
space 147 over a pressure range of zero to the 
operating pressure of the stapling mechanism. 
The check valve 230 is shown in the enlarged 

40 cross-sectional view of FIGURE 9. The check valve 
regulates the flow of pressurized gas to and from 
the stapling mechanism, and is essentially a pass- 
through for gas to the clamping mechanism. Pres- 
surized gas is supplied to the check valve through 

45 the inlet fitting 232 and port 233, filling the interior 
chamber 236 with gas. The gas in the chamber 
flows unimpeded through the outlet port 235 and 
fitting 234 to the clamping mechanism. Thus, the 
clamping pressure is directly related to the regu- 

50 lated pressurized gas developed by the regulator 
130. 

The pressurized gas in the inlet chamber 236 
unseats the ball 238 from its valve seat 241 in the 
cylinder 240. As the ball is urged downward by the 
55 gas, the gas flows around the ball, through the 
cylinder passageway 243, and through the port 246 
and the fitting 248 to the pneumatic trigger valve 
210. Eventually the gas pressure inside the valve 
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will reach the maximum (stapling) pressure, and 
this pressure will be present throughout the check 
valve. 

When the slide button 188 is moved downward 
to release the clamping mechanism the pressur- 
ized gas in the clamping mechanism is vented 
back through the fittings 234 and 232 and the 
regulator 130. The gas pressure in the interior 
chamber 236 is thereby reduced to zero pressure. 
The pressurized gas in the stapling mechanism at 
this time also declines as gas is vented through the 
pneumatic trigger valve 210, the fitting 248 and the 
port 246. This pressure of the venting gas will push 
the ball 238 upward, sealing the central passage- 
way of the cylinder 240 as the ball seats on the 
valve seat 241. With the central passageway seal- 
ed, the pressurized gas will urge the cylinder 240 
upward in the check valve against the force of the 
surrounding spring 242. Gas from the stapling 
mechanism is thus vented around the cylinder 240 
and through the space in which the spring 242 is 
located. This venting of gas continues until the gas 
pressure in port 246 drops to around 345 kPa (50 
p.s.i.). At this lowered pressure the force of the 
spring 242 overcomes the gas pressure and the 
spring 242 will force the cylinder 240 downward in 
the interior chamber of the check valve, seating the 
bottom of the cylinder against the bottom of the 
chamber. This closure of the ball 238 against its 
seat 241 and the seating of the cylinder 240 
against the bottom of the check valve chamber 
traps gas at approximately 345 kPa (50 p.s.i.) at 
the outlet port 246, thereby maintaining this pres- 
sure at the stapling mechanism until the trigger is 
reset to vent the remaining gas pressure in the 
stapling mechanism through the rear of the pneu- 
matic valve. The staple cartridge may then be 
removed and replaced as discussed above. 

Claims 

1. A surgical stapling instrument including: 
a handle (10; 120); 

a stapler head (110) having a stapling 
mechanism; 

means (108) interconnecting the handle 
(10; 120) and the stapler head; 

a source (1 4) of pressurized gas located in 
the handle (10; 120); and 

means (50,52,92; 21 0) for controllably sup- 
plying gas to the stapling mechanism; 

characterized by means (30,130) for regu- 
lating pressurized gas from said source (14); 

in that the stapler head (110) includes a 
clamping mechanism; and 

in that the means for supplying gas com- 
prises means (50,52,92,90; 210) for control- 
lably supplying pressure regulated gas to the 



clamping mechanism and the stapling mecha- 
nism. 

2. The surgical stapling instrument of Claim 1, 
5 wherein said regulating means comprises a 

pressure regulator (30; 130) including: 

an outer compartment (47,49; 147,149) 
having an inlet port (39; 146) for receiving 
pressurized gas from said source (14) and an 

w outlet port (52; 160); and 

an inner movable member (40; 144) dis- 
posed between said inlet and outlet ports 
which is selectively movable to admit the pas- 
sage of gas between said source (14) and said 

75 outlet port (52; 160), whereby pressure regu- 

lated gas is developed at said outlet port. 

3. The surgical stapling instrument of Claim 2, 
wherein said inner movable member (40,144) 

20 is spring-loaded for regulation of the developed 

gas pressure. 

4. The surgical stapling instrument of Claim 2 or 
3, wherein said inner movable member (40) 

25 includes 

a generally cylindrical piston (40) having a 
passageway (48) passing therethrough to con- 
duct gas between said inlet (39) and outlet (52) 
ports; and 

30 valve means (38) for selectively occluding 

said inlet port. 

5. The surgical stapling instrument of Claim 4, 
wherein said valve means comprises a ball 

35 valve (38) controlled by movement of said pis- 

ton (40). 

6. The surgical stapling instrument of Claim 2, 
further comprising a spool valve (50) having an 

40 inlet (52) coupled to the outlet port of said 

pressure regulator, a first outlet (90) coupled to 
said clamping mechanism and a second outlet 
(92) coupled to said stapling mechanism, and 
a valve member (50,58,60) movable to a first 

45 position for coupling said inlet (52) to said first 

outlet (90) and a second position for coupling 
said inlet (52) to said second outlet (92). 

7. The surgical stapling instrument of any one of 
50 Claims 1 to 6 wherein said regulating means 

(30; 130) includes an outlet port (52; 160) at 
which pressure regulated gas is developed, 
and wherein said gas supplying means in- 
cludes: 

55 means (50; 210) for coupling said outlet 

port (52; 160) to said clamping mechanism; 
and 

trigger means (84; 200) for controllably 
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supplying gas developed at said outlet port 
(52; 160) to said stapling mechanism. 

8. The surgical stapling instrument of Claim 7, 
wherein said trigger means (84; 200) includes 
a pneumatic valve (50,210) having an inlet (52; 
218) coupled to said outlet port and an outlet 
(92,258) coupled to said stapling mechanism, 

whereby actuation of said trigger means 
(84; 200) establishes a fluidic connection be- 
tween said inlet and said outlet of said pneu- 
matic valve. 

9. The surgical stapling instrument of Claim 8, 
further comprising a check valve (230) having 
an inlet (232) coupled to said outlet port (160) 
an outlet (248) coupled to said inlet (218) of 
said pneumatic valve, and a valve member 
(240) biased to pass pressure regulated gas 
from said check valve inlet (232) to said check 
valve outlet (248). 

10. The surgical stapling instrument of Claim 9, 
wherein said valve member (240) of said check 
valve is further biased to maintain pressurized 
gas at the outlet of said check valve upon the 
removal of pressurized gas from the inlet of 
said check valve. 

11. The surgical stapling instrument of Claim 9, 
wherein said check valve (230) further includes 
a second outlet (234), and wherein said means 
(254) for coupling said outlet port (160) to said 
clamping mechanism includes said inlet (232) 
and said second outlet (234) of said check 
valve (230), wherein said second outlet (234) of 
said check valve is coupled to said clamping 
mechanism. 

12. A surgical stapling instrument according to any 
preceding claim including 

indicator means (20), in fluid connection 
with said sources outlet (36), for providing an 
indication of the presence of pressurized gas 
in said instrument. 

13. The surgical stapling instrument of Claim 12 
wherein said indicator means (20) includes a 
movable member (24), spring-biased against 
the force of pressurized gas present in said 
instrument, said movable member (24) being 
movable in response to the force of pressur- 
ized gas to indicate the presence of pressur- 
ized gas in said instrument. 

14. The surgical stapling instrument of Claim 13 
wherein said movable member (24) extends 
from the surface of said instrument in response 



to the presence of pressurized gas, and 
wherein an extending portion (25) of said mov- 
able member is distinctly colored. 

5 Patentanspruche 

1. Chirurgisches Klammerinstrument umfassend: 
einen Handgriff (10; 120); 

einen Klammerkopf (110) mit einem Klammer- 
w mechanismus; 

eine Einrichtung (108) zur verbindung des 

Handgriffs (10; 120) und des Klammerkopfs; 

eine Druckgasquelle (14), die im Handgriff (10; 

120) angeordnet ist; und 
75 eine Einrichtung (50, 52, 92; 210) zur steuerba- 

ren Zufuhrung von Gas zum Klammermecha- 

nismus; 

dadurch gekennzeichnet, daB eine Einrichtung 
(30, 130) zur Regulierung des Druckgases von 
20 der Quelle (14) vorgesehen ist; 

der Klammerkopf (110) einen Klemmechanis- 
mus aufweist; und 

die Einrichtung zur ZufUhrung von Gas eine 
Einrichtung (50, 52, 92, 90; 210) zur steuerba- 
25 ren Zufuhrung von druckreguliertem Gas zum 

Klemmechanismus und zum Klammermecha- 
nismus aufweist. 

2. Chirurgisches Klammerinstrument nach An- 
30 spruch 1, bei dem die Reguliereinrichtung ei- 
nen Druckregler (30; 130) aufweist, umfassend: 
ein auBeres Abteil (47, 49; 147, 149) mit einer 
EinlaB5ffnung (39; 146) zur Aufnahme von 
Druckgas von der Quelle (14) und einer Aus- 

35 laBoffnung (52; 160); und 

ein inneres, bewegbares Teil (40, 144), das 
zwischen der EinlaBoffnung und der AuslaBoff- 
nung angeordnet ist, welches selektiv beweg- 
bar ist, um den Durchgang von Gas zwischen 

40 der Quelle (14) und der AuslaBoffnung (52; 

160) zu gestatten, wobei das druckregulierte 
Gas an der AuslaBoffnung ausgebildet wird. 

3. Chirurgisches Klammerinstrument nach An- 
45 spruch 2, bei dem das innere, bewegbare Teil 

(40, 144) zur Regulierung des ausgebildeten 
Gasdrucks federbelastet ist. 

4. Chirurgisches Klammerinstrument nach An- 
so spruch 2 Oder 3, bei dem das innere, beweg- 
bare Teil (40) aufweist 

einen im wesentlichen zylindrischen Kolben 
(40) mit einem Durchgang (48) dahindurch, um 
das Gas zwischen der EinlaBoffnung (35) und 
55 der AuslaBoffnung (52) zu fUhren; und 

eine Ventileinrichtung (38) zum selektiven Ver- 
sperren der EinlaBdffnung. 
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5. Chirurgisches Klammerinstrument nach An- 
spruch 4, bei dem die Ventileinrichtung ein 
Kugelventil (38) aufweist, das durch die Bewe- 
gung des Kolbens (40) gesteuert wird. 

6. Chirurgisches Klammerinstrument nach An- 
spruch 2, weiterhin aufweisend ein Spulen- 
Ventil (50) mit einem EinlaB (52), der mit der 
AuslaBoffnung des Druckreglers verbunden ist, 
einem ersten AuslaB (90), der mit dem Klem- 
mechanismus verbunden ist, und einem zwei- 
ten AuslaB (92), der mit dem Klammermecha- 
nismus verbunden ist, und einem Ventilteil (50, 
58, 60), das in eine erste Position zur Verbin- 
dung des Einlasses (52) mit dem ersten AuslaB 
(90) und eine zweite Position zur Verbindung 
des Einlasses (52) mit dem zweiten AuslaB 
(92) bewegbar ist. 

7. Chirurgisches Klammerinstrument nach einem 
der AnsprUche 1 bis 6, bei dem die Regulie- 
rungseinrichtung (30; 130) eine AuslaBoffnung 
(52; 160) aufweist, bei der druckreguliertes 
Gas ausgebildet wird, und bei dem die Gaszu- 
fUhrungseinrichtung aufweist: 

eine Einrichtung (50; 210) zur Verbindung der 
AuslaBoffnung (52; 160) mit dem Klemmecha- 
nismus; und 

eine Ausloseeinrichtung (84, 200) zur steuer- 
baren Zufuhrung von Gas, das an der AuslaB- 
offnung (52; 160) ausgebildet wurde, zum 
Klammermechanismus. 

8. Chirurgisches Klammerinstrument nach An- 
spruch 7, bei dem die Ausloseeinrichtung (84; 
200) ein Pneumatikventil (50, 210) aufweist mit 
einem EinlaB (52; 218), der mit der AuslaBoff- 
nung verbunden ist, und einen AuslaB (92, 
258), der mit dem Klammermechanismus ver- 
bunden ist, 

wodurch die Betatigung der Ausloseeinrich- 
tung (84; 200) eine Fluidverbindung zwischen 
dem EinlaB und dem AuslaB des Pneumatik- 
ventils herstellt. 

9. Chirurgisches Klammerinstrument nach An- 
spruch 8, weiterhin aufweisend ein RUck- 
schlagventil (230) mit einem EinlaB (232), der 
mit der AuslaBoffnung (160) verbunden ist, ei- 
nem AuslaB (248), der mit dem EinlaB (218) 
des Pneumatikventils verbunden ist, und einem 
Ventilelement (240), das vorgespannt ist, urn 
druckreguliertes Gas vom EinlaB (232) des 
RUckschlagventils zum AuslaB (248) des RUck- 
schlagventils zu leiten. 

10. Chirurgisches Klammerinstrument nach An- 
spruch 9, bei dem das Ventilelement (240) des 



RUckschlagventils darUber hinaus vorgespannt 
ist, urn Druckgas am Ausgang des RUck- 
schlagventils bei Wegnahme des Druckgases 
vom EinlaB des RUckschlagventils aufrechtzu- 
5 erhalten. 

11. Chirurgisches Klammerinstrument nach An- 
spruch 9, bei dem das Ruckschlagventil (230) 
weiterhin aufweist einen zweiten AuslaB (234), 

w und bei dem die Einrichtung (254) zur Verbin- 

dung der AuslaBoffnung (160) mit dem Klem- 
mechanismus den EinlaB (232) und den zwei- 
ten AuslaB (234) des RUckschlagventils (230) 
umfaBt, bei dem der zweite AuslaB (234) des 

75 RUckschlagventils mit dem Klemmechanismus 

verbunden ist. 

12. Chirurgisches Klammerinstrument nach einem 
der vorhergehenden AnsprUche aufweisend 

20 eine Anzeigeeinrichtung (20) in Fluidverbin- 

dung mit dem AuslaB (36) der Quelle zur 
Schaffung einer Anzeige des Vorliegens von 
Druckgas im Instrument. 

25 13. Chirurgisches Klammerinstrument nach An- 
spruch 12, bei dem die Anzeigeeinrichtung 
(20) ein bewegbares Teil (24) aufweist, das 
gegen die Kraft des im Instrument vorliegen- 
den Druckgases federvorgespannt ist, wobei 

30 das bewegbare Teil (24) als Antwort auf die 

Kraft des Druckgases bewegbar ist, urn das 
Vorliegen von Druckgas im Instrument anzuzei- 
gen. 

35 14. Chirurgisches Klammerinstrument nach An- 
spruch 13, bei dem das bewegbare Teil (24) 
sich von der Oberflache des Instruments als 
Antwort auf das Vorliegen von Druckgas er- 
streckt, und bei dem ein verlangerter Teil (25) 

40 des bewegbaren Teils unterscheidbar gefarbt 

ist. 

Revendlcations 

45 1. Instrument d'agrafage chirurgical comportant: 
une poign^e (10; 120), 
une t§te d'agrafage (110) comportant un 
mgcanisme d'agrafage, 

des moyens (108) reliant la poignSe (10; 
50 120) et la tete d'agrafage, 

une source (14) de gaz sous pression si- 
tu6e dans la poignSe (10; 120), et 

des moyens (50, 52, 92; 210) pour alimen- 
ter de manure command§e du gaz vers le 
55 mgcanisme d'agrafage, 

caract6ris6 en ce qu'il comporte des 
moyens 30, 130) pour rSguler le gaz sous 
pression provenant de ladite source (14), 
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en ce que la tete d'agrafage (110) compor- 
te un mScanisme de serrage, et 

en ce que les moyens pour alimenter du 
gaz comportent des moyens (50, 52, 92, 90; 
210) pour alimenter de manifere commandSe 
du gaz r£gule en pression vers le mScanisme 
de serrage et le mScanique d'agrafage. 

2. Instrument d'agrafage chirurgical selon la re- 
vendicatlon 1, dans lequel lesdits moyens r£- 
gulateurs comportent un r§gulateur de pres- 
sion (30; 130) comportant: 

un compartiment ext^rieur (47, 49;147, 
149) ayant un orifice d'entr^e (39; 146) destine 
a recevoir du gaz sous pression provenant de 
ladite source (14) et un orifice de sortie (52; 
160), et 

un element (40; 144) interieur pouvant se 
deplacer agenc6 entre lesdits orifices d'entr§e 
et de sortie, qui peut se deplacer de manure 
selective pour admettre le passage de gaz 
entre ladite source (14) et ledit orifice de sortie 
(52; 160), de telle sorte que du gaz r6gu\6 en 
pression soit developpe au niveau dudit orifice 
de sortie. 

3. Instrument d'agrafage chirurgical selon la re- 
vendication 2, dans lequel ledit §l6ment (40, 
144) interieur pouvant se deplacer est charge 
par un ressort pour r^guler la pression du gaz 
developpe. 

4. Instrument d'agrafage chirurgical selon la re- 
vendication 2 ou 3, dans lequel ledit dement 
(40) interieur pouvant se deplacer comporte 

un piston (40) de mani&re generate cylin- 
drique ayant un passage (48) le traversant 
pour conduire le gaz entre ledit orifice d'entrSe 

(39) et I'orifice de sortie (52), et 

des moyens (38) formant vanne pour ter- 
mer de mani&re selective ledit orifice d'entr^e. 

5. Instrument d'agrafage chirurgical selon la re- 
vendication 4, dans lequel lesdits moyens for- 
mant vanne comportent une vanne k bille (38) 
commandde par le d§placement dudit piston 

(40) . 

6. Instrument d'agrafage chirurgical selon la re- 
vendication 2, comportant en outre une vanne 
tiroir (50) comportant une entree (52) relive & 
I'orifice de sortie dudit r^gulateur de pression, 
une premlfere sortie (90) relive audit mdcani- 
sme de serrage et une seconde sortie (92) 
relive audit m^canisme d'agrafage, et un 6I6- 
ment (50, 58, 60) formant vanne pouvant se 
deplacer vers une premifere position pour relier 
ladite entree (52) & ladite premifere sortie (90) 



et une seconde position destinge & relier ladite 
entree (52) & ladite seconde sortie (92). 

7. Instrument d'agrafage chirurgical selon I'une 
5 quelconque des revendications 1 k 6, dans 

lequel lesdits moyens rggulateurs (30; 130) 
comportent un orifice de sortie (52; 160) au 
niveau duquel le gaz r6gul6 en pression se 
developpe, et dans lequel lesdits moyens d'ali- 
70 mentation de gaz comportent : 

des moyens (50; 210) destines a relier 
ledit orifice de sortie (52; 160) audit mecani- 
sme de serrage, et 

des moyens (84; 200) formant gachette 
75 destines a alimenter de maniere command6e 

le gaz developpe au niveau dudit orifice de 
sortie (52; 160) vers ledit mecanisme d'agrafa- 
ge. 

20 8. Instrument d'agrafage chirurgical selon la re- 
vendication 7, dans lequel lesdits moyens (84; 
200) formant gachette comportent une vanne 
pneumatique (50, 210) ayant une entree (52, 
218) reliee audit orifice de sortie et une sortie 

25 (92; 258) reliee audit mScanisme d'agrafage, 

de telle sorte que Tactionnement desdits 
moyens (84; 200) formant gachette 6tablissent 
une liaison de fluide entre ladite entree et 
ladite sortie de ladite vanne pneumatique. 

30 

9. Instrument d'agrafage chirurgical selon la re- 
vendication 8, comportant en outre un clapet 
anti-retour (230) ayant une entree (232) relive 
audit orifice de sortie (160) et une sortie (248) 

35 relive k ladite entree (218) de ladite vanne 

pneumatique, et un 6l6ment (240) formant ob- 
turateur pour laisser passer du gaz r6gul6 en 
pression provenant de ladite entree (232) du 
clapet anti-retour vers ladite sortie (248) du 

40 clapet anti-retour. 

10. Instrument d'agrafage chirurgical selon la re- 
vendication 9, dans lequel ledit 6l6ment (240) 
formant obturateur dudit clapet anti-retour est 

45 en outre rappel§ pour maintenir le gaz sous 

pression au niveau de la sortie dudit clapet 
anti-retour lors de la suppression du gaz sous 
pression provenant de I'entrde dudit clapet 
anti-retour. 

50 

11. Instrument d'agrafage chirurgical selon la re- 
vendication 9, dans lequel ledit clapet anti- 
retour (230) comporte en outre une seconde 
sortie (234), et dans lequel lesdits moyens 

55 (254) destines h relier ledit orifice de sortie 

(160) audit mecanisme de serrage comportent 
ladite entree (232) et ladite seconde sortie 
(234) dudit clapet anti-retour (230), dans lequel 
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ladite seconde sortie (234) dudit clapet anti- 
retour est relive audit m§canisme de serrage. 

12. Instrument d'agrafage chirurgical selon Tune 
quelconque des revendications prec^dentes, 5 
comportant des moyens indicateurs (20) en 
liaison de fluide avec ladite sortie (36) de la 
source, pour fournir une indication de la pre- 
sence de gaz sous pression dans ledit instru- 
ment. 70 

13. Instrument d'agrafage chirurgical selon la re- 
vendication 12, dans lequel tesdits moyens 
indicateurs (20) comportent un element mobile 
(24), rappele par ressort & rencontre de la 75 
force du gaz sous pression existant dans ledit 
instrument, ledit 6l6ment mobile (24) §tant mo- 
bile en reponse h la force du gaz sous pres- 
sion pour indiquer la presence de gaz sous 
pression dans ledit instrument. 20 

14. Instrument d'agrafage chirurgical selon la re- 
vendication 13, dans lequel ledit element mobi- 
le (24) s^tend & partir de la surface dudit 
instrument en reponse a la presence de gaz 25 
sous pression, et dans lequel une partie (25) 

de prolongement dudit 6l6ment mobile est co- 
lore de mani§re distincte. 
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